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PUNCTUALITY IMPROVEMENT IN 
AUSTRALIAN RAIL FREIGHT NETWORK BY 
TRANSIT TIME MANAGEMENT 
Hadi Ghaderia, Mohamamd-Reza Namazi-Radb, Payam Mokhtarianb, Jiangang Feia, Stephen 
Cahoona &Tin Kin Hob 
aDepartment of Maritime and Logistics Management, National Centre for Ports and Shipping, 
Australian Maritime College, TAS 7248, Australia 
bSMART Infrastructure Facility, University of Wollongong, Wollongong, NSW 2522, Australia 
ABSTRACT: With rapid development in product globalization and just-in-
time production over the last two decades, area-specific reliable, 
responsive and customer-oriented rail freight services are in demand and 
are of increasing interest. Having a proper understanding of underlying 
factors in the evaluation of the quality of rail freight services is a key 
challenge in the short-term and long-term regional and metropolitan freight 
mobility planning, particularly within the context of a competitive rail freight 
market as in Australia. Among the fundamental attributes of rail freight 
services, transit time and reliability/punctuality are of utmost importance, 
which also tend to be inevitably correlated. This paper discusses the 
potential opportunities for service improvement in the Australian non-bulk 
interstate network through managing the underlying factors. The paper 
also addresses the conditions under which these factors can be combined 
to enhance the utilisation and efficiency of rail freight services in the 
national rail infrastructure. 
Keywords: Freight Service; Reliability; Rail Freight; Transit Time; 
Truncated Distribution. 
1. Introduction 
Freight transport is a key element of growth and competitiveness for the Australian 
economy. The Australian domestic freight task measured 521 billion tonne 
kilometres in 2007, with 35% carried by road, 40% by rail and 25% by coastal 
shipping. Only a very small volume (of less than 0.1 per cent) of mainly high value 
freight was carried by air (BTRE, 2006). Of interest is that during 2006-07, tonne 
kilometres by rail exceeded road due to high average haul distances (ARTC, 2006). 
The domestic freight task, which has doubled in size over the past 20 years, has an 
average growth of 3.5% per annum (BITRE, 2008). BITRE’s (2009) projections 
suggest that this trend will continue, albeit with slightly slower growth into the future 
of approximately 3% per annum between 2005 and 2030.  
Due to the size of the Australian land mass and the dispersed locations of industrial 
activities and consumer markets, non-bulk freight travels vast interstate distances to 
arrive at the point of consumption, which can affect the quality of freight service as 
the result of longer and more variable transit times. However, there are also other 
attributes that impact on the quality of freight services. Shippers, for example, make 
transport decisions based on multiple freight service attributes such as the freight 
rate, transit time, reliability and availability of service. Hence, for Logistics Service 
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Providers (LSPs) such as Australian rail operators, understanding which attributes 
are more influential in the shippers’ choice of transport mode may be a key 
determinant of attracting contestable trade. Recently, freight customers of Australian 
shippers have indicated that long transit time and low punctuality levels are their key 
concerns impacting on their decision to use rail for interstate intermodal freight 
movements (Ernst & Young, 2006). This is supported by the view of the Australian 
freight forwarding industry that broadly delineates freight according to its transit time, 
reliability and/or other special requirements (BITRE, 2009). This paper quantitatively 
investigates the trade-offs between transit time and reliability and examines how 
reliability can be improved by managing the transit time. The remainder of this paper 
is organised as follows. In Section 2, a review of the Australian intermodal freight 
industry is presented. Particular attention is paid to the Australian inter-state 
intermodal freight service where modal competition is more pronounced. The 
research method is explained in Section 3. Section 4 presents a case study of the 
Sydney-Melbourne rail freight service. Analysis is provided and conclusions are 
drawn in Section 5. 
2. Research background 
The freight sector is a substantial contributor to the Australian economy. It generates 
and facilitates economic growth and employment. The total value of the intermodal 
supply chains accounts for approximately 2% of Australia’s gross domestic product 
(Infrastructure Australia, 2011). In the non-bulk freight sector, the interstate corridors 
comprise 61% of the total value, international chains 34%, and intrastate chains 5% 
(Booz & Co, 2008). Intermodal rail freight is segmented into two major interstate 
freight corridors in Australia, the North-South corridor that moves freight along the 
eastern coast between Melbourne, Sydney and Brisbane and the East-West corridor 
that moves freight between the eastern states across to Adelaide in South Australia 
and then Perth in Western Australia. 
According to the Australasian Railway Association (ARA) (2005; 2010), in regard to 
the inter-capital rail freight segment, at the normal expected levels of efficiency, an 
‘efficient rail’ system should provide a significantly lower cost freight transport option 
than road on all corridors. More specifically, ARA (2005) suggests these costs to be 
30% lower on the North-South corridor and 50% on the East-West corridor. 
Interestingly, shippers have also highlighted that, at present, rail is generally cheaper 
relative to road on many line haul routes (especially east-west movements) and have 
indicated their desire to increase the use of rail for intermodal freight movements 
(NTC, 2009). However, such cost savings can be offset by longer transit times and 
poor reliability of the rail service (NTC, 2009). A study conducted by Ernst and 
Young (2006) found that time sensitivity and reliability are of greater importance to 
freight forwarders than price or cost effectiveness in Australia. BITRE (2009) states 
that with no change in relative input costs, and in the absence of a solution to some 
of rail’s logistic difficulties relative to road, the long-term decline of rail’s share of the 
interstate freight market is unlikely to change. 
In the international context from the perspectives of shippers and service providers, 
there has been increasing attention on freight mode choice and the identification of 
factors influencing the choice of transport mode (e.g. Shinghal & Fowkes, 2002; Lu, 
2003; Danielis et al., 2005; Meixell & Norbis, 2008). Research suggests there has 
been an increasing demand for reliability rather than other freight service attributes 
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such as price and transit time (Bolis & Maggi, 1999). Poor reliability and long transit 
times are regarded as the major reasons for the low use of rail in both North-South 
and East-West corridors. ARA (2010) explains that the inability of rail to provide 
timely and reliable services has effectively resulted in it no longer being a viable 
option for 65-75% of the North-South freight task (ARA, 2010). Rail service 
performance levels on the North-South corridor are the major constraint for rail 
achieving a greater modal share, despite its discounted price relative to road (ARA, 
2005).  
3. Research method 
This paper also investigates the impact of reducing transit time on train punctuality. 
Punctuality is one of the often used reliability performance measures in railway 
systems (Vromans, 2005). Train punctuality is usually related to deviations, primarily 
negative, from the timetable. Punctuality is often used as a discrete measurement 
related to a predefined level of accepted deviation (Olsson & Haugland, 2004). To 
sufficiently research punctuality, having a data set is essential. However, detailed 
and precise data on non-bulk train services in interstate networks are not publicly 
available. Hence, this section presents the research method for developing the data 
set as well as the approach for investigating the impact of transit time reduction on 
train punctuality. The assumption that the transit time follows Poisson distributions 
has been used in various studies (e.g. Osuna & Newell, 1972; Turnquist & Blume, 
1980; Eberlein, et al., 1998; Ding & Chien, 2000; Ding, 2001). Assuming ‘𝜇’ to denote 
the mean transit time while the scheduled transit time is denoted by 𝑡𝑠 and the 
maximum transit time is 𝑡𝑀𝑎𝑥. Here we consider the minimum transit time (denoted 
by 𝑡𝑀𝑖𝑛) to be no less than the scheduled transit time. Then, we apply a two-side 
truncated Poisson distribution for the freight transit time.  
When 𝑋 denotes a discreet random variable with probability density function 
of𝑓(𝑥) = Pr(𝑋 = 𝑥), the two-side (𝑡𝑀𝑖𝑛, 𝑡𝑀𝑎𝑥)-truncated function is: 
 𝑔(𝑥)= 𝑓(𝑋 = 𝑥|𝑡𝑀𝑖𝑛 ≤ 𝑋 ≤ 𝑡𝑀𝑎𝑥) = Pr(𝑋 = 𝑥|𝑡𝑀𝑖𝑛 ≤ 𝑋 ≤ 𝑡𝑀𝑎𝑥) =
𝑓∗(𝑥)
Pr(𝑋≤𝑡𝑀𝑎𝑥)−Pr (𝑋<𝑡𝑀𝑖𝑛)
 ,                (1) 
where 𝑓∗(𝑥) = 𝑓(𝑥) for all 𝑡𝑀𝑖𝑛 ≤ 𝑋 ≤ 𝑡𝑀𝑎𝑥 . Note that, 𝑔(𝑋) has the same support as 
𝑓∗(𝑥). The function 𝑔(𝑥) is a probability density function with 𝑡𝑀𝑖𝑛 ≤ 𝑋 ≤ 𝑡𝑀𝑎𝑥 support, 
and the total probability over the support becomes ‘1’ (Johnson, et al., 1994). 





∑ 𝑓∗(𝑥)𝑡𝑀𝑎𝑥𝑥=𝑡𝑀𝑖𝑛         (2) 
                                                                                     =
Pr(𝑋 ≤ 𝑡𝑀𝑎𝑥) − Pr (𝑋 < 𝑡𝑀𝑖𝑛)
Pr(𝑋 ≤ 𝑡𝑀𝑎𝑥) − Pr (𝑋 < 𝑡𝑀𝑖𝑛)
= 1. 





;  𝑥 = 0, 1, 2, …                                           (3) 
Thus, the two-side (𝑡𝑀𝑖𝑛, 𝑡𝑀𝑎𝑥)-truncated Poisson distribution is: 
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𝑔(𝑥) = 1Pr(𝑋≤𝑡𝑀𝑎𝑥)−Pr(𝑋<𝑡𝑀𝑖𝑛) .
𝑒−𝜆𝜆𝑥
𝑥!    ;    𝑥 = 𝑡𝑀𝑖𝑛, 𝑡𝑀𝑎𝑥 + 1, … , 𝑡𝑀𝑎𝑥 − 1, 𝑡𝑀𝑎𝑥 .         (4) 
The cumulative distribution function of the two-side (𝑡𝑀𝑖𝑛, 𝑡𝑀𝑎𝑥) truncated Poisson 
distribution is defined as: 
𝑮(𝑥∗) = ∑ 𝑔(𝑥) .𝑥∗𝑥=𝑡𝑀𝑖𝑛                                                  (5) 
In rail service scheduling, service is considered as punctual if the train arrives before 
a certain time (denoted by 𝑡𝑝). Based on this assumption, the probability of reliable 
service is: 
𝑮�𝑡𝑝� = ∑ 𝑔(𝑥)
𝑡𝑝
𝑦=𝑡𝑀𝑖𝑛
 .                                                (6) 
By reducing the average transit time, the probability of the reliable freight services 
can be computed by (6). In the next section, the cumulative probabilities are 
presented using a graph based on the empirical analysis of the Sydney-Melbourne 
rail freight route. 
4. The case of Sydney-Melbourne rail freight service 
To empirically investigate the research objective, the Sydney-Melbourne route has 
been chosen for two main reasons, a) the high concentration of economic activities 
between the two largest Australian metropolitan areas, and b) the shorter transit time 
and time sensitivity of this route as compared with other pair-cities. According to 
BITRE (2012), the mean of actual transit times for this particular route is 14.5 hours, 
while the freight train is scheduled to arrive in 13.6 hours. The scheduled and actual 
transit time indicator is the average timetabled transit time of trains that operated in 
the last week of June of each year. For this paper, the most recent data available is 
from 2009-10. In freight train timetabling there is an acceptable marginal time 
window around the scheduled arrivals. If a train arrives within that interval, it is 
considered as providing a punctual service.  
In this study an interval of 30 minutes is assumed. To develop the probability 
function for the reduced transit time scenario we take the same mean of scheduled 
time, where the actual mean transit time has been reduced by 30 minutes. Figure 1 
presents the results of developing the train arrival distribution functions and the 
truncated versions for the actual (based on ARTC records) and reduced scenarios 
  
Figure 1. Simulated distribution for the train transit time (Sydney–Melbourne rail corridor) 
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Figure 2 shows the probability of the arrival time to fall within the punctual interval 
(between 13.6 hours and 14.1 hours) by marginally reducing the transit time. As 
shown in Figure 2 the probability of the reliability increases to approximately 40%, 
60% and 90% when the average transit times are reduced by 30, 60 and 90 minutes, 
respectively. It must be noted that, the probability of punctuality in the actual case is 
around 14%. 
 
Figure 2. Plot demonstration of cumulative reliability by reducing the average transit time  
5. Concluding remarks 
To investigate the impact of reducing transit time on train punctuality, we developed 
an arrival distribution function for both actual and reduced transit time scenarios. 
After truncating the cumulative reliability functions, the changes in service punctuality 
were compared. The marginal difference of train arrival reliability was then presented 
as the result of reducing the transit time. The results of case study show that a 
marginal reduction in transit time can significantly improve the service reliability. 
However, the trade-off between reduced transit time and the associated cost is not in 
the scope of this paper.  
Another unique contribution of this paper is the development of a data set through 
basic arrival and scheduled times. This approach has been enhanced by truncating 
the developed data set for better analysis. Investigating the shippers’ perception on 
changes in transit time and reliability is an interesting area for further research. 
However, according to the available literature on factors influencing the choice of 
transport mode, the improvement in reliability offsets the marginal change in transit 
time from the perspective of shippers. 
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